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A b s t r a c t
The pu rpose  o f  t h i s  s tu d y  was t o  d e v e lo p  a p ro c e d u re  f o r  q u a n t i t a t i v e l y  
d e t e r m in in g  th e  c o n c e n t r a t i o n  o f  a c r y l o n i t r i l e  in  ambient a i r .
A ir  samples  were c o n c e n t r a t e d  on Porpak N sampl ing  c a r t r i d g e s .  The 
sampl ing  c a r t r i d g e s  were then  t h e r m a l l y  d e so rbed  u s in g  a CDS 320 
c o n c e n t r a t o r  and d e t e c t e d  w i th  a g a s  chrom atograph  u t i l i z i n g  a 
n i t r o g e n / p h o s p h o r u s  s p e c i f i c  d e t e c t o r .
The method i s  a h ig h ly  s e n s i t i v e  and r e l i a b l e  way o f  d e t e r m in in g  
s u b - p a r t - p e r - b i l l i o n  l e v e l s  o f  a c r y l o n i t r i l e  in  ambient a i r .  I t  has  good 
a c c u ra c y  and p r e c i s i o n  and e x c e l l e n t  d e s o r p t i o n  e f f i c i e n c i e s  (108 +_ 14%). 
A pprox im a te ly  3-6 l i t e r s  o f  a i r  can be sampled b e f o r e  s i g n i f i c a n t  
b r e a k th ro u g h  o c c u r s .  R e l a t i v e  h u m i d i t i e s  up t o  90% do no t  a f f e c t  r e c o v e ry  
r a t e s .
v i i
Q u a n t i t a t i v e  A n a l y s i s  o f  
A c r y l o n i t r i l e  in  Ambient A ir
INTRODUCTION
A c r y l o n i t r i l e  i s  used  in  a wide v a r i e t y  of  a p p l i c a t i o n s ,  r e q u i r i n g  an 
e s t i m a t e d  world  p ro d u c t io n  of  2 ,700 ,000  m e t r i c  to n s  p e r  y e a r .  The 
m a j o r i t y  o f  t h e  a c r y l o n i t r i l e  produced  i s  used a s  a raw m a t e r i a l  in  t h e  
p r o d u c t io n  o f  a c r y l i c  and m o d a c ry l ic  f i b e r s ,
a c r y l o n i t r i l e - b u t a d i e n e - s t y r e n e  (ABS) and s t y r e n e - a c r y l o n i t r i l e  (SAN) 
r e s i n s ,  a d i p o n i t r i l e ,  a c r y la m id e  and b a r r i e r  r e s i n s .  A sm al l  p o r t i o n  o f  
th e  a c r y l o n i t r i l e  p roduced  i s  used a s  a chem ica l  i n t e r m e d i a t e . 1
A c r y l o n i t r i l e  i s  e m i t t e d  t o  t h e  a tm osphere  a t  v a r i o u s  p h a se s  o f  i t s  
p r o d u c t io n  and u s e .  The major s o u r c e s  of  a c r y l o n i t r i l e  e m is s io n s  t o  t h e  
a tm osphere  a r e  monomer and polymer p r o d u c t i o n  f a c i l i t i e s ,  w i th  minor 
e m is s io n s  o c c u r in g  d u r i n g  t r a n s p o r t  and e n d - p r o d u c t  u s a g e .  I t  has  been 
e s t i m a t e d  t h a t  3,856 m e t r i c  to n s  o f  a c r y l o n i t r i l e  a r e  e m i t t e d  a n n u a l l y  t o  
t h e  a t m o s p h e r e . 1
Concerns  abou t  t h e  t o x i c i t y  and s a f e t y  o f  a c r y l o n i t r i l e  began in  1976 
d u r i n g  t e s t i n g  by t h e  Pood and Drug A d m i n i s t r a t i o n  (PDA) t o  e v a l u a t e  t h e  
use o f  a c r y l o n i t r i l e  in  food packag ing  m a t e r i a l s .  Fo l low ing  t h i s ,  t h e  
U ni ted  S t a t e s  E nv i ronm en ta l  P r o t e c t i o n  Agency (USEPA) began a s tu d y  in  
l a t e  1977 a n a l y z i n g  t h e  c a r c i n o g e n i c  p o t e n t i a l  o f  a c r y l o n i t r i l e  and to  
d e te r m in e  t h e  p o t e n t i a l  h e a l t h  r i s k s  t o  th e  g e n e r a l  p o p u l a t i o n  from 
e xposu re  t o  a c r y l o n i t r i l e  in  ambien t  a i r .  The r e s u l t s  of t h i s  s tu d y  
e s t a b l i s h e d  t h a t  t h e r e  i s  " s u f f i c i e n t "  e v id e n c e  t h a t  a c r y l o n i t r i l e  i s
3
c a r c i n o g e n i c  in  an im a ls  and • l i m i t e d "  t o  ■ s u f f i c i e n t "  e v id e n c e  t h a t  i t  i s  
c a r c i n o g e n i c  in  humans.
A c r y l o n i t r i l e  i s  s u b j e c t  t o  r e g u l a t i o n  as  a haza rd o u s  a i r  p o l l u t a n t  under  
S e c t io n  112 o f  t h e  Clean A ir  Ac t .  The USEPA c o n s i d e r s  a c r y l o n i t r i l e  
em iss ion  to  be a l o c a l i z e d  problem s i n c e  r e l a t i v e l y  few s t a t e s  (14) have 
major a c r y l o n i t r i l e  em is s io n  s o u r c e s .  The USEPA i s  c u r r e n t l y  u s in g  
a c r y l o n i t r i l e  in  a p i l o t  program, r e q u i r i n g  r e g u l a t i o n  by t h e  i n d i v i d u a l  
s t a t e s  r a t h e r  than  l i s t i n g  t h e  chem ica l  a s  a h a za rd o u s  a i r  p o l l u t a n t  
under  S e c t i o n  112.
The Commonwealth of  V i r g i n i a  i s  one of  th e  few s t a t e s  t h a t  has  
a c r y l o n i t r i l e  em is s io n  s o u r c e s .  V i r g i n i a  has  r e c e n t l y  e s t a b l i s h e d  
g u i d e l i n e s  based on f e n c e l i n e  c o n c e n t r a t i o n s  n o t  t o  exceed 1/100 o f  t h e
3
P e r m i s s i b l e  Exposure  L im i t  (PEL) f o r  a t w e n t y - f o u r  (24) hour a v e r a g e .  
For a c r y l o n i t r i l e  th e  PEL i s  2 .0  ppmv , which would r e s u l t  in a 
f e n c e l i n e  c o n c e n t r a t i o n  n o t  t o  exceed  0 .02  PPmv a v e r a g e  f o r  a 
t w e n t y - f o u r  (24) hour p e r i o d .
Computer m ode l ing ,  u s in g  w o rs t  c a se  a tm o s p h e r i c  c o n d i t i o n s ,  i s  u s u a l l y  
t h e  s o l e  so u rc e  f o r  d e t e r m in in g  f e n c e l i n e  c o n c e n t r a t i o n s  f o r  r e g u l a t o r y  
p u r p o s e s .  A l though  i t  i s  d i f f i c u l t  i f  no t  im p o s s i b l e  t o  v e r i f y  computer 
models w i th  a c t u a l  s am p l in g ,  i t  i s  im p o r t a n t  t o  have th e  e x p e r t i s e  t o  
c o l l e c t  and a n a ly z e  samples  a t  t h e  r e g u l a t e d  c o n c e n t r a t i o n  r a n g e .  T h i s  
r e p o r t  d e t a i l s  an a n a l y t i c a l  p r o c e d u r e  f o r  c o l l e c t i n g  and a n a l y z i n g
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a c r y l o n i t r i l e  in ambien t  a i r  a t  s u b - p a r t  p e r  b i l l i o n  l e v e l s  u s in g  
a d s o r p t i o n ,  d e s o r p t i o n ,  and gas  c h ro m a to g ra p h ic  t e c h n i q u e s .
Chemical P r o p e r t i e s
A c r y l o n i t r i l e ,  a l s o  known as  v i n y l  c y a n i d e ,  2 - p r o p e n e n i t r i l e  o r  
c y an o e th y le n e  i s  a c l e a r ,  c o l o r l e s s ,  and h i g h l y  flammable  l i q u i d ,  w i th  a 
pungent  o d o r .  The s t r u c t u r a l  fo rm ula  i s  g iven  below.
H
C -  C -  C * NI
H
W
MW » 53.06
CAS REGISTRY NUMBER: 107-13-11
A c r y l o n i t r i l e  i s  a p l a n a r  m olecu le  w i th  a l l  bond a n g l e s  c l o s e  t o  120° .
The e s t i m a t e d  bond d i s t a n c e s  a r e  a s  f o l l o w s :
C -  H: 1 .09 a
C -  C: 1.46A
C « C: 1.38A
C s. N: I .16A
A c r y l o n i t r i l e  b o i l s  a t  77 .3°C,  m e l t s  a t  -8 3 .5 5 °C  and has  a d e n s i t y  o f
5
0 .8060g/m l  a t  20°C. A c r y l o n i t r i l e  has a h igh  vapor p r e s s u r e  (9 9 .8  mm
Hg a t  2 3 . 6 °C) and ,  t h e r e f o r e ,  most o f  i t s  a tm o s p h e r i c  e m is s io n s  o c cu r  a s
v apo r .
A c r y l o n i t r i l e  undergoes  r e a c t i o n  a t  b o th  t h e  doub le  bond and t h e  n i t r i l e  
g ro u p .  P o l y m e r i z a t i o n  i s  t h e  most im p o r t a n t  commercial  r e a c t i o n  o f
6
a c r y l o n i t r i l e .  I t  p o ly m e r i z e s  t o  p o l y a c r y l o n i t r i l e ,  and c o p o ly m e r iz e s  
w i th  s t y r e n e ,  b u t a d i e n e ,  and e s t e r s  of  a c r y l i c  or m e t h a c r y l i c  a c i d  t o  form 
v a r i o u s  r e s i n s ,  n i t r i l e  ru b b e r ,  and a c r y l i c  and m o d a c ry l i c  f i b e r s .  The 
p o l y m e r i z a t i o n  r e q u i r e s  an i n i t i a t o r  u s u a l l y  from a f r e e  r a d i c a l  s o u rc e  
such as  p e r o x y d i s u l f a t e  or  p e r o x i d e .  The i n i t i a t i o n  can a l s o  p roceed  by 
h e a t  and l i g h t  (avg .  2900 A°) .
The double  bond in  a c r y l o n i t r i l e  can p a r t i c i p a t e  in  D i e l s - A l d e r  r e a c t i o n s  
when t r e a t e d  w i th  a l i p h a t i c  or  a l i c y c l i c  compounds c o n t a i n i n g  c o n j u g a t e d  
c a r b o n -ca rb o n  doub le  bonds .  An example of  t h i s  r e a c t i o n  w i th  b u t a d i e n e  i s  
shown below1 :
A c r y l o n i t r i l e  can a l s o  undergo  h y d ro g e n a t io n  in t h e  p r e s e n c e  of a
CHCN
C H 2 *  CHCN + C H 2  »  CH -  CH *  C H 2
HC -CH 2
H
2
C H 2 *  CHCN * > ch3ch2cn —  ■ ch3ch2ch2nh2 
p r o p i o n i t r i l e  n -p ro p y lam in e
and r e d u c t i o n  in  th e  p r e s e n c e  o f  magnesium and m e th a n o l1 :
a d ip o n i  t r i l e
The n i t r i l e  group o f  a c r y l o n i t r i l e  r e a c t s  w i th  s u l f u r i c  a c id  t o  p roduce  
a c r y l a m i d e  s u l f a t e  and a c r y la m id e  upon n e u t r a l i z a t i o n :
8 4 . 5% H SO 2 4
CH *  CHCN + H o 0  + H _ S O  . m — A  CH *  CHCONH » H o S 0 ,2 2 2 4  r 2 2 2 4
100°C a c r y la m id e  s u l f a t e
CHo*CHC0CNo H.SO,,* 2NaOH CH ~CHCONH „+NaoS 0  . + 2H _0  2 2 2 4  r 2 2 2 4 2
a c r y l a m i d e
( i n  lower c o n c e n t r a t i o n s  o f  H.SO. or  w a te r  a c r y l i c  a c i d  i s  formed)
2 4
In t h e  p r e s e n c e  of  s u l f u r i c  a c i d ,  a c r y l o n i t r i l e  w i l l  a l s o  r e a c t  w i th  
a l c o h o l s  t o  form a c r y l i c  a c i d  and w i th  o l e f i n s  to  p ro d u c e  N - s u b s t i t u t e d  
a c r y l a m i d e s 1 .
18A c r y l o n t r i l e  has  a s o l u b i l i t y  o f  7.35% in  w a te r  a t  20°C.
q u a n t i t i e s  of  w a ter  a r e  f r e q u e n t l y  used in  t h e  s t a b i l i z a t i o n  and
18i n h i b i t i o n s  o f  a c r y l o n i t r i l e .  H y d r o ly s i s  r e a c t i o n s  sh o u ld  n o t  
w i th  t h e  w a ter  vapor a s s o c i a t e d  w i th  e l e v a t e d  r e l a t i v e  h u m i d i t i e s .
A tm ospher ic  F a te
In  g e n e r a l ,  very  few s t u d i e s  have been conducted  on th e  a tm o s p h e r i c  f a t e
Small
c o l o r
o ccu r
8
of  a c r y l o n i t r i l e .  Most of th e  i n f o r m a t i o n  a v a i l a b l e  i s  based  on t h e  
s i m i l a r i t i e s  between a c r y l o n i t r i l e  and o t h e r  o l e f i n s .  I t  i s  p r e d i c t e d  
t h a t  a c r y l o n i t i l e ,  l i k e  o t h e r  o l e f i n s ,  undergoes  bo th  chem ica l  and 
ph o tochem ica l  r e a c t i o n s  in  th e  a tm osphere .
Atm ospher ic  o x i d a t i o n  i s  s u s p e c t e d  t o  t a k e  p l a c e  w i th  a c r y l o n i t r i l e .
Oxygen would r e a c t  w i th  t h e  doub le  bond, fo rming  an e x c i t e d  e pox ide  t h a t
6would decompose to  a l k y l  and a c y l  r a d i c a l s  ,
e p o x i d a t i o n I0CH2 = CHCN ^  H2C -  CHCN ^  H2t  + H3C-CN
o
7Hydroxyl r a d i c a l s  would a l s o  add t o  t h e  doub le  bond ,
«OH OH OH
CH2 ■ CHCN - CHCN
O zonat ion  can a l s o  occu r  when ozone c o n c e n t r a t i o n s  exceed 0.25ppm, fo rming  
an a ld eh y d e  and a d i r a d i c a l ,  which can undergo  f u r t h e r  r e a c t i o n * ,
9H H
v I
C = C -  C =. N
H H H H
I I  I I
^  H - C - C - C  = N ^  H - C  + C -  C = N
Gandin i and H a c k e t t  have s t u d i e d  t h e  p h o to c h e m is t r y  o f  a c r y l o n i t r i l e  vapor
a t  2 1 3 .9nm. They showed t h a t  th e  p h o t o l y s i s  p ro c e e d s  v i a  two m o le c u la r
e l i m i n a t i o n  pa thw ays .  The two r e a c t i o n s  y i e l d  a c e t y l e n e  and hydrogen
8c y an id e  o r  c y a n o a c e ty l e n e  and hydrogen ,
HC * CH + HCN
2 1 3 . 9nm 
CH2 ® CHCN —  .
HC « CCN + H2
T o x i c i t y
A c r y l o n i t r i l e  i s  a s u s p e c t e d  human c a r c i n o g e n .  Exposure  t o  a c r y l o n i t r i l e  
by i n g e s t i o n  o r  i n h a l a t i o n  a r e  t h e  most d a n g e r o u s ,  w h i l e  dermal  e x p o su re  
i s  l e s s  s e v e r e  ( a b s o r p t i o n  o c c u r in g  a t  abou t  1% of  t h a t  o f  th e  l u n g s * ) .  
A c r y l o n i t r i l e  a c t s  by i n h i b i t i n g  t h e  r e s p i r a t o r y  enzymes o f  t i s s u e .  T h i s  
r e n d e r s  t h e  t i s s u e  c e l l s  i n c a p a b l e  o f  a b so r b in g  oxygen and p roduces  a c u t e
FIGURE 1
POSSIBLE METABOLIC PATHWAYS OF ACRYLONITRILE BIO-TRANSFORMATION
» CH
MFO
G1ucuronide(s)Mercapturic
Acids
G l y c i d o n i t r i l e
Cyanoaceta1dehydeGlycol aldehyde  
Cyanohydrin
P y r u v o n i t r i l e
NCH2 CH2QH
2-Cyanoethanol
NCCH2 C00H
Cyanoacetic
Acid
H0CH2CH » 0 + HCN 
Glycol aldehyde
■4/
SCN
CH3 COOH 
A c e t i c  Acid
MFO: Mixed Function Oxidases
Adapted from Ref. 10.
FIGURE 2
POSSIBLE METABOLIC PATHWAYS OF ACRYLONITRILE BIO-TRANSFORMATION
CH2  » CH -  CN MFO CH* -  CHv -  CN
'V
NCCH2 CH2 SCH2 CHC00H
NHCOCH3
2-Cyanoethylmercapturic
Acid
H0CH2 CH2 SCH2(^  -  COOH
NHCOCHj
2-Hydroxyethylmercapturic
Acid
COOH
CH
/
CH2
-  NHCOCH3
OH
I
CH
CH2 XN
-V
COUH
NCOCH
CN
4 a c e t y l - -  
5 -cyano te t rahyd ro— 
1 .4-2H -th ia2 ine— 
3-carboxylic  acid
MFO: Mixed Function Oxidases
Adapted from Ref. 10.
9t o x i c i t y  . S ig n s  o f  i n t o x i f i c a t i o n  in  humans i n c l u d e  eye and nose
i r r i t a t i o n ,  weakness ,  l a b o re d  b r e a t h i n g ,  d i z z i n e s s ,  im p a i red  judgem ent ,
c y a n o s i s ,  n au sea  and c o n v u l s i o n s * .  Fo l lowing  e x p o su r e ,  a c r y l o n i t r i l e  i s
m e ta b o l i z e d  and e l i m i n a t e d  p r i m a r i l y  in  th e  u r i n e .  The r o u t e  o f
a c r y l o n i t r i l e  e l i m i n a t i o n  i s  dose  r e l a t e d  w i th  t h e  p e r c e n t  a c r y l o n i t r i l e
e l i m i n a t e d  v i a  t h e  u r i n e  be ing  d i s p r o p o r t i o n a t e l y  lower  f o r  sm al l  d o ses  a s
compared t o  l a r g e  d o s e s .  The major m e ta b o l i c  pa thways  of  a c r y l o n i t r i l e
a r e  shown i n  F ig u r e s  1 and 2. A p o r t i o n  o f  th e  a c r y l o n i t r i l e  w i l l  a l s o  be
10m e ta b o l i z e d  t o  c y a n id e  and then  t o  t h i o c y a n a t e  p r i o r  t o  e l i m i n a t i o n  
I t  i s  s u s p e c t e d  t h a t  t h e  a c r y l o n i t r i l e  m o lecu le  i t s e l f ,  a s  w e l l  a s  i t s  
m e t a b o l i t e s ,  c o n t r i b u t e s  t o  th e  t o x i c i t y  o f  a c r y l o n i t r i l e .
Sampling and A n a ly s i s
There  a r e  two methods commonly used f o r  sam pl ing  am bien t  a i r :  d i r e c t
c o l l e c t i o n  w i th o u t  p r e c o n c e n t r a t i o n  and c o n c e n t r a t i o n  on a sampl ing  
medium. In d i r e c t  sam pl ing  t h e  a i r  i s  drawn i n t o  p l a s t i c  bags (M ylar ,  
T e d l a r ,  S a ra n ,  e t c . )  and a n a ly z e d  d i r e c t l y .  T h i s  method o f  sampl ing  i s  
p a r t i c u l a r l y  a d v an tag eo u s  in  a r e a s  o f  h igh c o n c e n t r a t i o n ,  s i n c e  t im e  l o s s  
i s  n o t  i n c u r r e d  by sample  p r e t r e a t m e n t .  I t  i s  im p o r t a n t  t h a t  c a r e  be 
taken  t o  i n s u r e  c o m p a t a b i l i t y  o f  t h e  compound of  i n t e r e s t  and t h e  sampl ing  
bag.  U n f o r t u n a t e l y  d i r e c t  sampl ing  of  a c r y l o n i t r i l e  in  ambient a i r  i s  
r e l a t i v e l y  u s e l e s s  s i n c e  t h e  c o n c e n t r a t i o n s  n o rm a l ly  e n c o u n te re d  a r e  w e l l  
below t h e  d e t e c t i o n  l i m i t s  o f  t h e  most s e n s i t i v e  methods c u r r e n t l y  
a v a i l a b l e .  In t h e  c o n c e n t r a t i o n  method, t h e  a i r  o f  i n t e r e s t  i s  p a s se d  
th rough  a s o l i d  s o r b e n t  o r  a l i q u i d  t r a p p i n g  medium. The use  of  l i q u i d
13
t r a p p i n g  media i s  r a r e l y  used  f o r  a c r y l o n i t r i l e  due t o  th e  in c o n v e n i e n c e  
o f  h a n d l in g  and t r a n s p o r t i n g  t h e  im p in g e r s ,  and t h e  l a c k  of  i n f o r m a t i o n  
a v a i l a b l e  on th e  c o l l e c t i o n  e f f i c i e n c i e s  and s t o r a g e  s t a b i l i t i e s  of 
a c r y l o n i t r i l e  in  th e  v a r i o u s  media .  The s o l i d  s o r b e n t s  commonly used a r e  
a c t i v a t e d  c h a r c o a l ,  s i l i c a  and p o ro u s  polymer .  The sample i s  c o l l e c t e d  by 
p a s s i n g  a i r  th rough  th e  s o l i d  s o r b e n t  which i s  a t t a c h e d  t o  a b a t t e r y  
o p e r a t e d  pump and r o t o m e t e r .  C o l l e c t i o n  an a s o l i d  s o r b e n t  has  t h e  
ad v an ta g e  o f  lower  d e t e c t i o n  l i m i t s  than d i r e c t  c o l l e c t i o n ;  however,  
sam pl ing  e r r o r s  a r i s e  from pump c a l i b r a t i o n ,  t im e  measurements  and sample 
l o s s  i f  th e  b re a k th ro u g h  c a p a c i t y  i s  exceeded .  The b r e a k th r o u g h  c a p a c i t y  
(volume) i s  t h e  volume o f  a i r  which can be p a sse d  th ro u g h  t h e  s o r b e n t  
m a t e r i a l  w i th o u t  s i g n i f i c a n t  c a r r y o v e r  or m i g r a t i o n .  The b r e a k th r o u g h  
c a p a c i t y  f o r  each  compound v a r i e s  from medium t o  medium and i s  dependen t
on t h e  r e l a t i v e  hum id i ty  and th e  p r e s e n c e  o f  i n t e r f e r i n g  compounds in  th e
. 1 a i r  .
A i r  samples  c o l l e c t e d  d i r e c t l y  in  p l a s t i c  bags a r e  a n a ly z e d  w i th o u t  
p r e t r e a t m e n t ,  whereas  sam ples  c o l l e c t e d  on s o l i d  s o r b e n t s  r e q u i r e  
d e s o r p t i o n  p r i o r  to  a n a l y s i s .  Thermal d e s o r p t i o n  and s o l v e n t  d e s o r p t i o n  
a r e  th e  methods commonly employed. S o lv e n t  d e s o r p t i o n  t e c h n i q u e s  use  an 
e x c e s s  o f  s o l v e n t  t o  d e s o r b  t h e  compounds o f  i n t e r e s t .  T h i s  g i v e s  s o l v e n t  
d e s o r p t i o n  t h e  a d v an ta g e  o f  r e p l i c a t e  a n a l y s i s ,  however,  th e  s e n s i t i v i t y  
i s  u s u a l l y  d e c r e a s e d .  Thermal d e s o r p t i o n  t e c h n i q u e s  have t h e  a d v a n ta g e  of  
h igh  s e n s i t i v i t y ,  n e a r l y  q u a n t i t a t i v e  r eco v e ry  and th e  a b sen ce  of  manual 
p r e t r e a t m e n t .  The d i s a d v a n t a g e s  i n c l u d e  t h e  i n a b i l i t y  t o  pe r fo rm
14
r e p l i c a t e  a n a l y s e s  on t h e  same sam ple  t u b e ,  and a l t e r a t i o n s  i n  t h e  
r e t e n t i o n  t im e  and peak  w id th  due t o  a d s o r b e d  m o i s t u r e  on t h e  s o r b e n t  
tube'*'. R e a c t i o n s  on a d s o r b a n t  s u r f a c e s  a t  e l e v a t e d  t e m p e r a t u r e s  a r e  
a l s o  p o t e n t i a l  p r o b l e m s .
C o l o r m e t r i c ,  t i t r i m e t r i c ,  p o l a r o g r a p h i c  and i n f r a r e d  t e c h n i q u e s  have  been 
u sed  in  t h e  i d e n t i f i c a t i o n  and q u a n t i f i c a t i o n  o f  a c r y l o n i t r i l e .  Gas 
c h ro m a to g ra p h y  i s  c u r r e n t l y  t h e  method o f  c h o i c e  due  t o  i t s  lower  
i n t e r f e r e n c e s  and h i g h e r  s e n s i t i v i t y  o f  d e t e c t i o n .
E x p e r im e n ta l
I n s t r u m e n t a t i o n :
Chem ica l  Data  Sys tem (CDS) 320 c o n c e n t r a t o r  
V a r ian  A ero g rap h  ( S e r i e s  2400) Gas Chrom atograph  
V ar ian  T h e rm io n ic  D e t e c t o r  
V ic i  M e t r o n i c s  D y n a c a l i b r a t o r  (Model 230)
Dupont P e r m i s s i b l e  A i r  S am pl ing  Pumps (Model P -125)
Dynamic E nv i ronm en t  Chamber
M eth o d s :
1.  Sample P r e p a r a t i o n
a .  A ccuracy  and p r e c i s i o n  d a t a  were  c o l l e c t e d  by d i r e c t l y  
i n j e c t i n g  2pl o f  a 71 ppm a c r y l o n i t r i l e  s o l u t i o n  ( i n  M ethano l )  
i n t o  3" x 1 /4*  s t a i n l e s s  s t e e l  f i t t e d  and t h r e a d e d  s a m p l in g  
c a r t r i d g e s  p ack ed  w i t h  P o rap ak  N.
b .  D e s o r p t i o n  e f f i c i e n c e s  were  d e t e r m i n e d  by p r e p a r i n g  a c t u a l  a i r  
s am p les  u s i n g  a V ic i  M e t r o n i c s  230 D y n a c a l i b r a t o r  ( s e e  P i g .  
3 ) .  The s a m p le s  were  c o l l e c t e d  a t  t h e  e x i t  p o r t  o f  t h e  
D y n a c a l i b r a t o r  on 3" x 1 /4"  s t a i n l e s s  s t e e l  s am p l in g  
c a r t r i d g e s  (p a c k ed  w i t h  Porapak  N) .  The s am p le s  were  
c o l l e c t e d  a t  a c o n s t a n t  f low  r a t e  u s i n g  p o r t a b l e  Dupont a i r  
s a m p l in g  pumps.
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The D y n a c a l i b r a t o r  o p e r a t e s  by p a s s i n g  a known volume of 
c a r r i e r  gas  ( n i t r o g e n )  ove r  a p e rm ea t ion  t u b e .  A p e rm ea t io n  
tu b e  i s  a sm al l  s e a l e d  ampule pe rm eable  t o  a s p e c i f i e d  
compound ( P ig .  4 ) .
Permeant gas 
(pure vapor phase)
Permeable wall
Permeant gas (pure l i q u id phase)
Permeat ing  gas ( r a t e  i s  a 
fu n c t io n  o f  temperature ,  
permeable w a lF a n d  gas ty p e )
F ig .  4. PERMEATION DEVICE(ADAPTED FROM REF. I I )
At a g iven  t e m p e r a t u r e  t h e  tu b e  e m i t s  a c o n s t a n t  f low  o f  t h e  
s p e c i f i e d  compound i n t o  t h e  c a r r i e r  s t r e a m .  The c o n c e n t r a t i o n  
o f  t h e  r e s u l t a n t  s t r e a m  can be c a l c u l a t e d  u s in g  t h e  f o l l o w i n g  
e q u a t i o n :
P = p e rm ea t io n  r a t e ,  ng/min
Km = mola r c o n s t a n t  (2 4 .4 6 /m o le c u la r  w e i g h t ) ,  where 24 .46 i s  
t h e  molar volume in  l i t e r  a t  25°C and 760 mm Hg 
F = flow r a t e  (cc /min)
A 3.0  cm. s t a n d a r d  a c r y l o n i t r i l e  emiss ion  tube  c a l i b r a t e d  t o  
emit  35 ng/min a t  30°C was used t o  produce  a c o n s t a n t  
a c r y l o n i t r i l e  s t r e am .
The f low r a t e s  were a d j u s t e d  f o r  an e f f l u e n t  c o n c e n t r a t i o n  o f  
0 .0137  p g/m^ ( 6 . 3  ppb) a c r y l o n i  t r i  l e . Due to  t h e  low l e v e l s  
of  a c r y l o n i t r i l e  in t h e  tu b in g  a s s o c i a t e d  w i th  the  
D y n a c a l i b r a t o r  i t  was n e c e s s a r y  to  i n c r e a s e  th e  t e m p e r a t u r e  o f  
th e  tu b in g  (40 -  60°C) t o  p r e v e n t  th e  a c r y l o n i t r i l e  from
a b s o r b i n g  on th e  i n s i d e  w a l l s  of  th e  t u b i n g ,  or  t o  run th e
i n s t r u m e n t  c o n t i n u o u s l y  to  re ach  e q u i l i b r i u m .  Due t o  the
l a r g e  f low r a t e s  (2555 cc /min)  and th e  s p o r a d i c  usage  of th e
in s t r u m e n t  i t  was i m p r a c t i c a l  to  run the  i n s t r u m e n t
c o n t i n u o u s l y .  T h e r e f o r e  an i n s u l a t e d  h e a t i n g  c o i l  c o n t r o l l e d  
by a r h e o s t a t  was p la c e d  around th e  t u b i n g .
19
c .  The b r e a k th ro u g h  volume was d e te rm ined  u s in g  two sampl ing 
c a r t r i d g e s  in  s e r i e s .  The Vici  M etron ics  230 D y n a c a l i b r a t o r  
was used  to  g e n e r a t e  a c o n s t a n t  gas s t ream  and sampl ing  pumps 
were c a l i b r a t e d  f o r  a c o n s t a n t  f low r a t e .  A f t e r  a known 
volume of  gas  had p a s s e d  th rough  th e  sampl ing c a r t r i d g e s  th e  
back-up  c a r t r i d g e s  were removed and r e p l a c e d  w i th  a new 
c a r t r i d g e .  The back-up  tubes  were an a ly z e d  f o r  a c r y l o n i t r i l e  
and t h e  r e s u l t s  were recorded  a long  w i th  volume and 
c o n c e n t r a t i o n  o f  a e r y l o n i t r i l e  pa s se d  th rough  th e  sys tem .
d.  To v a l i d a t e  th e  p r o c e d u re  under e l e v a t e d  hum id i ty  c o n d i t i o n s ,  
t h e  Vic i  M e t ro n ic s  230 D y n a c a l i b r a t o r  was conn ec ted  to  a wet 
t e s t  m e te r .  The e f f l u e n t  s t ream  from th e  wet t e s t  meter  went 
t o  a c o n s t a n t  env ironment  chamber equ ipped  w i th  two wick 
sys tem s  to  f u r t h e r  i n c r e a s e  t h e  h u m id i ty .  ( s e e  F ig .  5) The 
r e l a t i v e  h um id i ty  was c o n t r o l l e d  by v a ry in g  th e  t e m p e r a t u r e  of 
t h e  w a te r  a s s o c i a t e d  w i th  the  wet t e s t  mete r  and wick system.
A n a l y s i s
A du a l  t r a p  CDS 320 c o n c e n t r a t o r  i n t e r f a c e d  w i th  a Varian 
Aerograph gas  ch rom atograph ,  with a n i t r o g e n / p h o s p h o r u s  d e t e c t o r  
and a S p e c t r a - p h y s i c s  i n t e g r a t o r  were used f o r  sample a n a l y s i s .  
Samples a r e  d e so rb ed  a t  175°C fo r  seven (7) m inu tes  and d i r e c t l y  
i n j e c t e d  on to  Tenax t r a p s .  The t r a p s  a r e  then  a u t o m a t i c a l l y  back
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f l u s h e d  w i th  t h e  gas  ch rom atog raph ic  c a r r i e r  gas  and then  p u l s e
h e a te d  t o  205°c .  The a c r y l o n i t r i l e  and o t h e r  v o l a t i l e s  a r e
r e l e a s e d  form t h e  t r a p s  as  a sharp  s lug  which i s  i n j e c t e d  i n t o  the
gas  chromatograph  v i a  a t r a n s f e r  l i n e  ( s e e  F ig .  6 ) .  The t r a p
assembly  i s  d e s ig n e d  to  have a low the rm al  mass which a l lo w s  i t  t o
be p u l s e - h e a t e d  ve ry  r a p i d l y  (400° /min) r e l e a s i n g  t h e  v o l a t i l e s  as
a s h a r p  s l u g .  The low the rm a l  mass a l s o  a l lo w s  th e  t r a p s  to  be
c o o led  r a p i d l y  (200°C t o  35°C in  l e s s  than 10 m inu tes )  e n a b l in g
13f a s t e r  run t i m e s .
Sample Tube
D
Sparge
Gas
Trap
Heat
Fi g.  6 . THEORY OF CHEMICAL DATA SYSTEMS (CDS) CONCENTRATOR
Adapted from Ref.  12
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A n i t r o g e n / p h o s p h o r u s  d e t e c t o r  (NPD) a l s o  known as  a 
t h e r m i o n i c  d e t e c t o r  o r  a l k a l i  f lame i o n i z a t i o n  d e t e c t o r  (AFID) 
was s e l e c t e d  b ecause  of  i t s  h igh  s e n s i t i v i t y  t o  phosphorus  and 
n i t r o g e n - c o n t a i n i n g  compounds. Under optimum c o n d i t i o n s  
n i t r o g e n  c o n t a i n i n g  compounds can be d e t e c t e d  w i th  a 
s e l e c t i v i t y  of 10,000 t o  1 over normal h y d ro c a rb o n s .  The
d e t e c t o r  u se s  an a l k a l i  sou rce  (a rubid ium bead) which i s  
h e a ted  t o  700 -  900°C. N i t rogen  and or p h o s p h o r u s - c o n t a in in g  
compounds r e a c t  a t  th e  s u r f a c e  of t h e  bead ,  p roduc ing  
deco m p o s i t io n  p r o d u c t s  which a r e  s e l e c t i v e l y  i o n i z e d .  The
i o n s  a r e  c a p t u r e d  by a p o s i t i v e  c o l l e c t o r  e l e c t r o d e  which
g i v e s  r i s e  t o  a s i g n a l  measured w i th  an e l e c t r o m e t e r  ( s e e  F ig .
COLLECTOR WITH 
SCREEN BOTTOM
CERAMIC M A O  WITH 
HEATER COlk
DETECTOR BASE
OC COLUMN
CMMMR
F i g .  7 -  N I T R O G E N / P H O S P H O R U S  D E T E C T O R  
A d a p t e d  f r o m  R e f .  1 4
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L i s t e d  below a r e  t h e  o p e r a t i n g  p a r a m e te r s  of  t h e  CDS 320 
C o n c e n t r a t o r / V a r i a n  Gas Chromatograph:
C o n c e n t r a t o r  Gas Chromatograph
Time d e so r b  mode Column -  20% Carbowax
20m 80/100 Chromasorb
15' S t a i n l e s s  S t e e l
Sparge 1 min a t ambient
Desorb 7 min a t 1 75 °C
Trap  A 5 min a t 205°C Column 140°C
Trap B 5 min a t 205 °C I n j e c t o r  200 °C
Run 13 min D e te c to r  200 °C
T r a n s f e r l i n e 200 °C Bead c u r r e n t 9 .0
Valve Oven 200°C H2 P r e s s u r e 14 PS I
AS BOT 1 Ai r 17 ml/min
H2 2 .3  ml/min
38 ml/min
The sam pl ing  c a r t r i d g e s  a r e  packed wi th  Porapak N due to  i t s  
long r e t e n t i o n  t ime and a b i l i t y  to  r e t a i n  l o w - b o i l i n g  
o r g a n i c s .  The t r a p s  in  th e  CDS c o n c e n t r a t o r  a r e  packed wi th  
Tenax due to  i t s  h igh  t e m p e r a t u r e  l i m i t  (2 7 5 ° c ) ,  which a l lo w  
f o r  a more r a p id  a n a l y s i s .  The gas  chromatograph columns a r e  
packed w i th  Carbowax 20M because  o f  i t s  s h o r t  r e t e n t i o n  t im e ,  
which a l s o  a l lo w  f o r  a more r a p id  a n a l y s i s .  I f  compounds o f
24
s i m i l a r  r e t e n t i o n  t im e s  a r e  p r e s e n t  in  th e  sample m a t r ix  a GC 
column t h a t  o f f e r s  more s e p a r a t i o n  shou ld  be u t i l i z e d .
Ambient Sampling
Ambient a i r  samples  a r e  c o l l e c t e d  on 3" x 1 /4"  s t a i n l e s s  s t e e l  
f r i t t e d  and th r e a d e d  sampl ing  c a r t r i d g e s  packed w i th  Porapak N 
a t  a c o n s t a n t  f low r a t e  u s ing  p o r t a b l e  Dupont (o r  s i m i l a r )  a i r  
sampl ing  pumps.
The samples  a r e  an a ly z e d  as  d e s c r i b e d  in  t h e  p r e v io u s
s e c t i o n .  The c o n c e n t r a t i o n  of a e r y I o n i t r i l e  on the  sampling
3c a r t r i d g e  ( in  t o t a l  jjg) i s  c o n v e r t ed  t o  ppmv o r  mg/m by 
t h i s  f o l l o w i n g  e q u a t i o n :
W = mg/m3 
FxT
mg/m3 -  ppmv 
MW/24.46
where:  W = t o t a l  mg o f  a c r y l o n i t r i l e  on sampl ing  c a r t r i d g e
3
F = Flow, m /min 
T = t i m e ,  min
MW = m o le c u la r  weigh t  of  a c r y l o n i t r i l e  (24 .46  molar 
volume in  l i t e r s  a t  25°c and 760 mm Hg)
R e s u l t s  and P i s c u s s i o n
Ambient a i r  sam pl ing  and a n a l y s i s  f o r  a c r y l o n i t r i l e  u s in g  sampl ing  
c a r t r i d g e s  packed w i th  Porapak N and a CDS 320 c o n c e n t r a t o r  i n t e r f a c e d  
wi th  a gas  chrom atograph  y i e l d s  h igh  s e n s i t i v i t i e s  and r e c o v e r a b i l i t y .  A 
r e p r e s e n t a t i v e  chromatogram i s  shown in  F ig .  8.
F i g .  8 .  R EP R ES E N T A TI VE  CHROMATOGRAM OF A C R Y L O N I T R I L E
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For maximum r e l i a b i l i t y  t h e  sam pl ing  c a r t r i d g e s  shou ld  be capped ,  s e a l e d  
and s t o r e d  a t  10°c t o  p r e v e n t  sample  m ig r a t io n  a n d / o r  c o n t a m i n a t i o n .  
Samples p r e p a r e d  in t h i s  manner have been s t o r e d  up t o  14 days  w i th o u t  
s i g n s  o f  sample  d e t e r i o r a t i o n .
P r i o r  t o  t h e  use of  a new sam pl ing  c a r t r i d g e  th e  c a r t r i d g e  i s  c l ea n e d  and 
c o n d i t i o n e d  f o r  40 -  80 m in u te s  a t  180°C in  a n i t r o g e n  s t r e a m .  This
p r o c e d u re  removes most of th e  c o n tam in an ts  from th e  porous  polymer;  
however,  t h e r e  i s  s t i l l  a b road  r e s i d u a l  peak in th e  v i c i n i t y  o f  th e  
a c r y l o n i t r i l e  peak .  Nine b lank  sample c a r t r i d g e s  were run and th e  
r e s u l t a n t  d a t a  was used to  c a l c u l a t e  a background i n t e r f e r e n c e  o f  0.004 +_ 
.0015 pg ( s e e  T a b le  1 ) .
Tab le  1
Background I n t e r f e r e n c e  on Sampling C a r t r i d g e s  
Blank Tube T o t a l  yg
1 .004
2 .004
3 .003
4 .006
5 .005
6 .006
7 .002
8 . 0 0 2
9 .004
average  = 0.004
s = 0.0015
n = 9
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The p r e c i s i o n  and a c c u r a c y  of  th e  a n a l y t i c a l  method was d e te rm in ed  t o  be 
100 +_ 11% (See  T a b le  2 ) .  The reco v e ry  ( d e s o r p t i o n  e f f i c i e n c y )  of t h e
p ro c e d u re  sampl ing  and a n a l y s i s  was 108 +_ 14% (See Tab le  3 ) .  These
q u a n t i t a t i v e  r e c o v e ry  r a t e s  d e m o n s t r a t e  t h a t  r e a c t i o n s  on th e  a d s o r b a n t  
s u r f a c e s  a t  e l e v a t e d  t e m p e r a t u r e s  a r e  no t  o c c u r r i n g .
T ab le  2
P r e c i s i o n  and Accuracy R e s u l t s  (0 .142  ^g A c r y l o n i t r i l e )
Measured (u<3) A b so lu te  Dif
0.151 0.009
0.166 0.024
0 .127 -0 .0 1 5
0.125 - 0 .0 1 7
0.118 -0 .0 2 4
0.160 0.018
0.150 0.008
0.148 0.006
0.136 -0 .0 0 6
0.146 0.004
a verage  = 0 .143 
s = 0 .016 
n = 10
T ab le  3
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P e r c e n t  Recovery
T h e o r e t i c a l  (u9) 
0 .0808 
0.1007 
0.0448 
0.0448 
0.0448 
0 .0707 
0 .0483 
0.0372 
0.0612 
0.0636
(D e so r p t io n  E f f i c i
Measured ( ug) 
0.0816 
0.1033 
0.0515 
0.0495 
0.0489 
0.0699 
0.0720 
0.0385 
0.0576
0.0636
% Recovery 
1 0 1 . 0  
1 0 2 . 6
115.0  
110.5  
109. 2
98 .87
149.1  
103.54
94.12  
100.0  
a v e r a g e  = 108.4 
s = 15.57 
n = 10
The b r e a k t h r o u g h  volume i s  th e  volume of sampled a i r  a t  which th e  compound 
o f  i n t e r e s t  b eg in s  t o  e l u t e  from th e  end of t h e  sampl ing  tu b e .  The 
b re a k th r o u g h  volume i s  dependen t  on th e  r e t e n t i o n  t ime of  the  compound on 
t h e  sam pl ing  t u b e ,  t h e  r e l a t i v e  hum id i ty  and th e  p r e s e n c e  of  i n t e r f e r i n g  
compounds.  The a c t u a l  c o n c e n t r a t i o n  of  th e  compound o f  i n t e r e s t  has
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l i t t l e  a f f e c t  on th e  b r e a k th r o u g h  volume. A p o l l u t a n t  p r e s e n t  a t  20 ppm 
w i l l  b r e a k th r o u g h  a t  s l i g h t l y  s m a l l e r  volume than when a t  1 p p m ^ .
Using Porapak N t o  c o n c e n t r a t e  a c r y l o n i t r i l e ,  a p p r o x im a te ly  3-6 l i t e r s  o f  
a i r  can be sampled b e f o r e  1% o f  the  sample has  e l u t e d  ( s e e  F ig u r e  9 ) .  
These r e s u l t s  a g r e e  w i th  l i t e r a t u r e  v a lu e s  o f  3-5 l i t e r s ^ .
Samples were c o l l e c t e d  a t  up to  90% r e l a t i v e  hum id i ty  so t h a t  adsorbed  
m o i s tu r e  would be p r e s e n t  on th e  sampling  media .  I f  any h y d r o l y s i s  or  
h y d r a t i o n  r e a c t i o n s  were  o c c u r r i n g ,  they  would be i n d i c a t e d  by a d e c r e a s e  
in  r e c o v e r y ^ .  At up t o  90% r e l a t i v e  h um id i ty  t h e r e  were no 
d e m o n s t r a t ed  d i f f e r e n c e s  in  r e c o v e ry  r a t e s  ( s e e  F ig u re  1 0 ) .  B reak th rough  
volumes were a l s o  d e te r m in e d  a t  90% r e l a t i v e  h u m id i ty .  Lower 
c o n c e n t r a t i o n s  of  a c r y l o n i t r i l e  were used because  h ig h e r  f low r a t e s  were
3r e q u i r e d  t o  e q u i l i b r a t e  th e  c o n s t a n t  environment chamber (0 .0 2  mg/m a t
3
90% r e l a t i v e  h u m id i ty  v e r s u s  0 .20  mg/m a t  43% r e l a t i v e  h u m i d i t y ) .  As
F i g u r e  11 d e m o n s t r a t e s  t h e r e  i s  no a p p r e c i a b l e  d i f f e r e n c e  in  sample
b re a k th r o u g h  a t  90% r e l a t i v e  h um id i ty  v e r s u s  43% r e l a t i v e  h u m id i ty .  S ince
t h e  c o n c e n t r a t i o n  o f  a d s o r b a b l e  m o i s tu r e  a s s o c i a t e d  w i th  e l e v a t e d  r e l a t i v e
h u m i d i t i e s  i s  so l a r g e  compared t o  p a r t  p e r  b i l l i o n  c o n c e n t r a t i o n s  o f
a c r y l o n i t r i l e ,  t h e  d i f f e r e n c e  in b re a k th ro u g h  volume a t  0 .02  mg/m^
, 3a c r y l o n i t r i l e  v e r s u s  0 .20  mg/m a c r y l o n i t r i l e  i s  i n s i g n i f i c a n t .
BR
EA
KT
HR
OU
GH
 
VO
LU
ME
 
OF 
AC
RY
LO
NI
TR
IL
E 
ON 
PO
RA
PA
K 
N 
SA
MP
LI
NG
 
CA
RT
RI
DG
ES
30
M
00
QC
oo
<v»
o 03 o o
UT
ER
S
% 
RE
CO
VE
RE
D 
VS
 
R
H
31
O)
CN
oo
tnoo
oo
o o o o o o o o o o o o o o o o o o o o oo o j f l Q N ( o i n ^ n w » - o ( j i ( i o N ( o i n M - n M i -
Q 3 X 3 A 0 0 3 X  %
RE
LA
TIV
E 
HU
MI
DI
TY
 
Fi
g.
 
10
. 
PE
RC
EN
T 
AC
RY
LO
NI
TR
IL
E 
RE
CO
VE
RE
D 
vs
. 
RE
LA
TI
VE
 
HU
M
ID
IT
Y
BR
EA
KT
HR
O
UG
H 
VO
LU
M
E
32
o
CD
CM
CO
<N
OCM 00 CD O 00 CD O
m
E
Xc n
E
CMO
if)CtL
Ld
X
cc
o
O)
tn
E
Xc n
E
o
CM
X
CXL
HOnoaW_LHV3iJQ %
Fi
g.
 
11
. 
BR
EA
KT
HR
OU
GH
 
VO
LU
ME
 
OF 
AC
RY
LO
NI
TR
IL
E 
AT 
RH 
an
d 
90%
 
RH
C onc lus ions
Sample c o n c e n t r a t i o n  on Porapak N fo l low ed  by th e rm a l  d e s o r p t i o n  and 
d e t e c t i o n  by gas  chrom atography  i s  a h i g h ly  s e n s i t i v e  and r e l i a b l e  method 
f o r  d e t e r m i n i n g  s u b - p a r t - p e r - b i l l i o n  l e v e l s  of  a c r y l o n i t r i l e  in  ambient 
a i  r .
The method has  good acc u ra cy  and p r e c i s i o n  w i th  e x c e l l e n t  d e s o r p t i o n  
e f f i c i e n c i e s  (108 +_ 14%). The d e t e c t i o n  l i m i t  of  th e  method i s  0 .0078 jjg 
p e r  sample  t u b e ,  which c o r r e s p o n d s  to  0 .7  ppb when sampl ing 5 l i t e r s  o f  
a i  r .
Three  to  s i x  l i t e r s  o f  a i r  can be sampled b e f o r e  s i g n i f i c a n t  b r e a k th ro u g h  
o c c u r s .  However, a back up tu b e  i s  recommended i f  sampl ing i3  t o  be done 
in  th e  v i c i n i t y  of i n d u s t r i a l  env i ronm ents  where unexpec ted  peak lo a d in g  
may be e n c o u n t e r e d .  Sampling can be perform ed on days w i th  h igh  r e l a t i v e  
h u m id i ty .  R e l a t i v e  h u m i d i t i e s  up to  90% have no e f f e c t  on t h e  r e c o v e ry  
r a t e s .
Thermal d e s o r p t i o n  t e c h n i q u e s  do have t h e  d i s a d v a n t a g e  o f  o n e - t im e  
i n j e c t i o n s .  T h i s  does  n o t  p r e s e n t  a problem as  long as  an i n t e g r a t o r  i s  
used  in  c o n j u n c t i o n  w i t h  t h e  r e c o r d e r  t o  c a l c u l a t e  th e  c o n c e n t r a t i o n  o f  
any u n e x p e c t e d ly  h ig h  sample  l o a d s .
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